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ABSTRACT

Many studies have shown that cultivating coffee in large areas has environmental impacts
such as reducing the multi-layered forest structure to only 1-2 layers, depleting water sources,
weakening protective functions, and increasing soil erosion. In fact, monoculture of coffee on a
large scale has led to water shortages for daily living and production in the Central Highlands
in general and in Dak Lak province in particular. Additionally, the effects of climate change on
coffee production have become increasingly apparent, resulting in higher costs, increased water
demand, and reduced yields. At this point, the adoption of agroforestry coffee production models
is considered advantageous. These models provide appropriate shade for coffee plants, retain
soil moisture better, and reduce irrigation needs; they also increase income and employment for
farmers, and mitigate risks of soil and water resource degradation while enhancing adaptability
and resilience to climate change. However, the effectiveness of the model will be enhanced if
combined with forest restoration activities and intercropping woody plants within coffee-growing
areas. Achieving this requires a series of synchronized solutions in policy and government support
in investing in infrastructure and production facilities, engineering, modern scientific applications,

capital, and integrated pest management.
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1. INTRODUCTION

The Central Highlands has a natural area of
more than 5.4 million ha, which is one of the areas
with a high percentage of land and forest in use,
over 81%, ranking 4* among 7 ecological regions
in Viet Nam (Le Huy Ba, 2013). In the past, the
rapid and uncontrolled transition of forest land use
purpose with the combination of the unreasonable
land use caused the vegetations, especially the
area of natural forest to decrease in both area and
quality, which lead to more erosion, leaching and
degradation of land resources. Currently, there
have been signs of the climate change (CC) in
many places in the Central Highlands, including
the Srepok River basin. Droughts are becoming
more and more severe in the dry season and floods
are unusual in the rainy season, which have a
huge impact on production. These have negatively
affected people’s health, their daily life and the
food security, as well as the environment, which
increases the adverse impacts of CC (Bach Hong
Viet, 2017).

In many places, forests have been cleared
for land to grow coffee. This encroachment on
arable land and the 38% increase in arable land
were partly responsible for deforestation in
many areas during the 10 years from 1990 to
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2000 (World Bank, 2004). In addition, the local
people have overgrown coffee trees in many
areas. They cultivate massively with the method
of monoculture of coffee trees on the large scale,
even in areas that are not suitable for the growth
and development of coffee trees (i.e. large slope,
unsuitable foothold, lack of irrigation in the dry
season...). That’s why the problems are more
serious, especially the decrease in water resources
for daily life and for production in the Central
Highlands.

Many countries around the world are
implementing and applying the agroforestry coffee/
climate - smart coffee practices. Viet Nam is also
one of the countries following this model. This type
of production is considered to have outstanding
advantages comparing to normal coffee growing
habits and experiences. It limits the risk of the
degradation of land and water resources, as well as
increases the adaptability and resilience to CC. The
model has demonstrated its economic, ecological
and environmental efficiency and sustainability
compared to other monocultures. However, the
efficiency of the model will increase if it combines
with the forest restoration in the upstream areas, in
the adjacent zones and even in the coffee growing
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areas by the complementary crops (Nguyen Van
Thuong, 2020).

The review article focuses on determining the
current status of coffee production, and the risks
and vulnerabilities of coffee production activities
under CC conditions in Dak Lak province, based
on which can prioritize applying smart farming
solutions as an essential job.

2. CONTENTS

2.1. Current coffee production in Dak Lak
province

Dak Lak province is located in the center of
the Central Highlands, with a natural land area
of 1,307,048 ha ranking the 4th in the country.
Agricultural land ranks the first in the country with
655,985 ha (accounting for 50.19% of the natural
area), including about 40% of the fertile basalt area
that is suitable for development of industrial crops
such as, coffee, rubber, pepper, cashew and fruit
trees... (Dak Lak Provincial People’s Committee,
2022).

Dak Lak province is known as the capital of
coffee with an area and output accounting for
nearly one-third of the total coffee area and output
of the country. Coffee is a key agricultural product
in the province’s economic structure, accounting
for a large proportion of the province’s total social
product and annual export turnover. Therefore,
coffee has directly affected the income of the
majority of people living in the area (Dak Lak
Provincial People’s Committee, 2021). The data
in Table 1 shows that coffee trees are planted
throughout 15 districts/cities with a total area of
212,912 ha, including the largest area in Cu M’gar
district (38,457ha) and next large areas are in Ea
H’leo district (31,907ha), Krong Nang district
(24,886ha), Krong Buk district (20,789ha), Krong
Pak district (19,840ha).

Table 1. Current state of coffee cultivation in

No. District administrative units Area (ha)
2 Buoon Ho 14,572
3 Ea H’leo 31,907
4 Ea Sup 26
5 Buon Don 4,660
6 Cu M’gar 38,457
7 Krong Buk 20,798
8 Krong Nang 24,886
9 Ea Kar 9,662
10 M’Drak 1,981
11 Krong Bong 8,497
12 Krong Pak 19,840
13 Krong Ana 9,920
14 Lak 4,908
15 Cu Kuin 11,630

Total 212,912

Source: Crop Production and Plant Protection
Department of Dak Lak province, 2022.

In the period of 2015-2021, the scale of coffee
production in the area increased slightly, an average
of 0.64% per year, from 203,000 ha in 2015 to
213,000 ha in 2021. From 2015 to 2018, the coffee
area is quite stable; however, three years ago, the
coffee area has tended to increase, especificially, the
coffee area increased 5.046 ha in 2019, compared
to 2018. It increased 1,846 ha in 2020, compared
to 2019 and 3,381 ha in 2021, compared to 2020.
However, by 2022, the coffee area tends to decrease
slightly to 212.912ha, down 424ha due to the
increased durian prices and people tend to cut down
old low-yielding coffee trees to grow pure durian.
Besides, although the coffee area in 2022 decreases
slightly, coffee output in Dak Lak province still
increases, reaching 558.729 tons and the average
output per hectares of coffee is 2.62 tons. In general,
in the period 2015-2022, coffee output in Dak
Lak province tends to increase slightly over time.

2022 in Dak Lak province On average, coffee output in Dak Lak province
No. District administrative units Area (ha) increases by 3.23% per year, from 444.121 tons in
1 Buon Ma Thuot 11,167 2015 to 558.729 tons in 2022 (Table 2).
Table 2. Coffee area and production in Dak Lak province from 2015 to 2022
Year 2015 2016 2017 2018 2019 2020 2021 2022
Area (ha) 203,746 203,357 203,737 203,063 208,109 209,955 213,336 212,912
P“Eg)‘;cst;"“ 444,121 454,810 447,348 508,944 476,424 509,944 526,613 558,729

Source: Statistical report for 2015-2022 of the Statistics Department of Dak Lak province.
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In Dak Lak province, the coffee production
force is still limited. Coffee production and business
suffers from many external challenges and risks;
therefore, the current state of coffee production
in the province is facing many problems. More
than one-third coffee area is aged between 15-
20 years old, which gives poor yield and need to
be replanted. Many coffee growing areas are not
planned, which lead to high production costs, low
productivity, affecting the sustainable development
of coffee production. More than 80% of the coffee
areas is managed by smallholder farmers. Some
of them have not mastered the process of caring
techniques, which lead to low productivity and
inefficiency investment. Because of the small-
scale production, the degree of mechanization in
all stages of coffee production is low, leading to
low labor productivity, not saving water resources
and materials... Coffee production faces many
opportunities and challenges such as new coffee

consumption trends, stronger international
integration and impacts of CC (Dak Lak Provincial
People’s Committee, 2017).

2.2. Signs of climate change in Dak Lak province
2.2.1. The change of temperature and rainfall

As the statistics and charts in Figure 1 showed
that the average temperature of monitoring stations
in the period of 2016-2020 has increased, an
average increase of 0.54°C compared to the period
2011-2015. The highest temperature increase at
Ea H’leo station (0.68°C) with 24-27°C, the lowest
at Lak station (0.35°C) with 17-23°C; besides, the
ability to adapt of plants is not only affected by
temperature change but also by precipotation. Dak
Lak tends to have an erratic average rainfall over
the years. It distributes unevenly, depending on the
region, having large fluctuations from 1,451.28
mm (Buon Ho station) to 3,202.3 mm (M’Drak
station).

The average temperature (°C)
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Figure 1. Evolution of average temperature and rainfall in Dak Lak province

2.2.2. Climate change scenarios and forecast
changes of meteorological factors

The climate change scenario that is announced
by The Ministry of Natural Resources and
Environment in 2009 based on the climate
change scenario of The Intergovermental Panel of
Climate Change (IPCC) developing according to
the greenhouse gas emmision scenarios (Special
Report on Emission Scenarios - SRES) at levels:
low (B1), medium (B2) and high (A2, A1F1). It is
equivalent to the scenarios renamed by IPCC from
2013 until now to Representative Concentration
Pathways (RCP) instead of SRES scenarios.
RCP is representative of emmision scenarios and
reasonably covers the range of future greenhouse
gas concentrations. The RCPs are similar to SRES
scenarios with the same construction criteria
((RCP2.6, RCP4.5, RCP 6.5, RCP8.5). Through
the climate change and sea level rise versions
and scenarios for Viet Nam oin 2020, they were
updated the latest information about the signs, the
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trends of climate change and sea level rise in the
past; Hydrological and sea level rise in Viet Nam
were updated to 2018; digital elevation model data
was updated to 2020.

Temperature change trends: According to the
climate change scenario of The Ministry of Natural
Resources and Environment (2020), the average
annual temperature (°C) compared to the base
period (1986-2005) corresponds to the RCP4.5
scenarios, according to different models (0,4 +
1,2), average for all models 0.8°C in Dak Lak
province (2016-2035). According to the RCP8.5
scenarios, the model can increase from (0.6+1.2),
average for all model (0.9°C).

Rainfall change trends: In the period of 2016-
2035, the average annual rainfall variations
(%) compared to the base period ((1986-2005)
corresponds to the RCP4.5 scenarios under
different models from (2.2+10.9%), average
for all models (6.5%). According to the RCPS8.5
scenarios, model can increase from (-1.0+11.6%),
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average for all model (5.3%) (Ministry of Natural
Resources and Environment, 2020).

2.3. The impact of climate change to coffee
cultivation in Dak Lak province

The change in rain and rainfall distribution in
Dak Lak in the past 10 years is very clear. The
frequency of rain in December and January is
quite common, which makes coffee have problems
in the pollination process, the low fruiting rate,
and the yield reduction. Besides, the rain in this
period has affected the preliminary process of
coffee such as the long drying time, the black
kernel, and the low price (Center of Policy and
Technology on Disaster Prevention, 2021). It can
be seen that CC is posing risks to coffee production
and the livelihoods of coffee growers. Changes in
temperatures and precipitation, rainfall patterns,
as well as extreme weather phenomena can affect
the production cycle and negatively affect coffee
production (Coffee & Climate, 2015).

It’s can be deny that, water is one of the factors
that play an important role in coffee production
because coffee has a shallow root system, which
is concentrated in the 0-30 cm layer, so its
drought tolerance is low compared to many other
perennial plants (National Agricultural Extension
Center, 2018). Irrigation water not only is used
for the flowering and fruiting needs of coffee
trees but also increases the resistance to drought
conditions and contributes to the yield of coffee
trees (Trung Chuyen, 2017; Tran Danh Suu et
al., 2017; Le Thua Hoai Son et al., 2018; Do Van
Chung, 2019). Particularly under the CC context,
irrigation demand for coffee trees becomes more
and more essential. From 2017, FAO has warned
that the yield of main crops, including coffee, is
estimated to decrease due to water scarcity and
other environmental impacts (Doan Trieu Nhan,
2011).

To see this issue clearly, several researchers
tried to find evidence to confirm that the farmers
should change cultivation, from traditional to smart
ways. This paper concentrates on two models:
mono-coffee and agroforestry coffee to prove that
planting woody plants in coffee gardens will save
irrigation water resources, which are scarce due to
the impact of CC now.

2.3.1. Mono-coffee model

According to the recommendation of the
Western Agroforestry Science Institute (WASI),
when the average amount of water for irrigation
for coffee is about 1600-1700m’/ha, the water
requirement for coffee in the whole Central
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Highlands is about 800-850 million m*/ha (Truong
Hong, 2013). In 2016, in the current environmental
status report of Dak Lak province in the period of
2011-2015, the water requirement for 203,746 ha
of coffee was estimated at about 814.984-855.733
million m* (Department of Natural Resources and
Environment of Dak Lak province, 2016).

Many studies have pointed out that coffee can
only be grown when there is enough water to
irrigate in the dry season for flowering and fruiting
simultaneously and determine the coffee yield
(Pham The Trinh and et al., 2013; Trung Chuyen,
2017). The evidence is that during the 2016
drought, severe droughts in the Central Highlands
in general and Dak Lak province in particular
made hundreds of reservoirs dry up and more
than 165,000 ha of coffee were affected, of which
40,000 ha of coffee were lost, the coffee yield
decreased from 15-25% on an area of more than
100,000 ha (Trung Chuyen, 2017; D’haeze, 2019).

In recent years, the effects of CC have made
surface and groundwater reserve decline seriously.
In highly intensive farming conditions in the
Central Highlands, the water requirement for
crops is very high, especially in the dry season.
However, most coffee farmers use irrigation water
inappropriately, which causes loss and depletion
of resources (Le Thua Hoai Son et al., 2018). The
traditional hose irrigation is still popular (about
74%), the overhead sprinkles is about 25%, the
advanced methods such as drip systems, the root
sprinkler systems have not been widely applied
(under 2%). WASI also pointed out that the coffee
households overwatered by using traditional hose
irrigation, compared to WASI’s recommendations
(Truong Hong and Pham Cong Tri, 2018).

In order to have suitable adaptations to CC,
a study has calculated and forecasted the water
requirement for some main crops in the Srepok
basin, including coffee trees. The Srepok basin
is irrigated based on natural features, terrane
separations, climate conditions... Inheriting the
previous research on agro-ecological zoning, the
basin is divided into 7 agro-ecological sub-regions
as shown in Figure 2. The results have calculated
the irrigation norms of coffee trees in the forecast
period according to the climate change scenarious
RCP 2.6, RCP 4.5 and RCP 8.5 (Table 3). It can
be seen that the water requirement for coffee tends
to decrease in the low scenario (12,06%) and in
medium scenario (17,34%), but tends to increase
in high scenario (4,25%), compared to the current
status (Nguyen Thi Ngoc Quyen et al., 2020).
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Land use Agro-ecological
2015

sub-region

Agro-ecologycal

sub-region Forestry land

Land use type Residential land
Coffee Cashew
Rubber Pepper D Provincial Boundary - - Cao nguyen Dak Nong
Fruit tree One-crop rice l_'_' _‘| District Boundary Cao nguyen MDrak
Other annual tree Two-crop rice Agrﬂ-ecological sub-region Nui thap Riang Dia
Intercrop I water _ _ _
Tea Maize Binh nguyen Easup Nui trung binh Chu Yang Sin
Unused land Cassva Binh son nguyen Da Lat Trung Krong Pach - Lak
Specialized land Cao nguyen Buon Ma Thuot

Source: Nguyen Thi Ngoc Quyen et al., 2020
Figure 2. Land use map (a) and agricultural land partition (b) in Srepok basin
Table 3. Irrigation norms for coffee trees in the Srepok river basin
Unit: m*/ha/crop

Variation compared

Current Period 2013-2045
LUT . to current status
status period
RCP 2.6 RCP 45 RCP85 RCP 2.6 RCP 45 RCP 8.5
Coffee 4029 3543 3330 4112 -12,06 -17,34 2,07

Source: Nguyen Thi Ngoc Quyen et al., 2020.

In 2022, a study was carried out the forecast Thi Ngoc Quyen et al., 2022). The similar study
of water requirement to 2030 for coffee-the applied in Ea H’leo district. The results showed
main crop in Krong Pak district by using FAO’s that under the impact of CC, the water demand of
approach method based on CROPWAT 8.0 coffee tends to increase. This poses a significant
model. The results showed that water requirement challenge for local managers (Nguyen Thi Ngoc
of coffee trees has changed because of CC, in Quyen et al., 2023).
particular, water requirement tended to increase 2 3.2 Agroforestry coffee model

,12% 3?;6?1 31;17g7a>§11() 516 (353)22;?;8 ) él ; 0 t;(ir;c‘ ZS;X fgﬁ The impaf:ts of CC on the Cpntrql Highlands i.n
m’) according to scenario RCP4.5 and RCPS.S general and in Dak Lak province in partlcqlar is
(138.52x10° m?), compared to 2021 (121.17x10° the phenomenon of.pr'olor.lged drought leading to
m?®). In the other hand, the research showed that an u‘rgent need for irrigation water (Dao Neuyen

P . Khoi et al., 2014; Dao Nguyen Khoi et al., 2015),
the temperature and precipitation were the main (Tran Van Ty et al., 2012a; Tran Van Ty et al.,

factors that had the sFrongest impact  which 2012b). According to the forecast results, the total
changed the water requirement among months o

. . number of drought months will increase from 4
of coffee trees in Krong Pak district (Nguyen
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months in the period 1980-2012 to 6 months in
the period 2013-2045 and the degree of drought
tends to become more and more severe as shown
by severe droughts, special droughts which appear
more and more in the basin (Nguyen Thi Ngoc
Quyen et al., 2016); Field survey shows that water
scarcity is happening frequently in the upstream
areas during the last dry months in recent years and
at the peak in 2016, drought occurred throughout
most of the Srepok basin. Thus, under the impacts
of CC, drought and water scarcity will increase,
which cause great obstacles to agricultural
production and people’s lives (Nguyen Thi Ngoc
Quyen, 2019). Many studies have shown that
coffee production in the form of intensive farming
and the traditional hose irrigation in the Central
Highlands has resulted in a large amount of water
used for coffee which become unsuitable in arid
conditions (Nguyen Phuong Le and Nguyen Hai
Duong, 2020; Duyen Nhat Lam Tran et al., 2021).

Atthis time, agroforestry farming is a promising
direction in the midland and mountainous areas
in Viet Nam in order to solve the needs of forest
products, people’s livelihoods and protect the
ecological environment. Compared with the
traditional farming methods, agroforestry farming
has outstanding advantages because it provides
with product divesification (firewood, non-timber
forest products, agricultural products ...) that
ensure livelihood, improve production efficiency,

conform to people’s farming practices and maintain
the sustainability of the ecosystem. Therefore,
developing agroforestry system has become
an inevitable trend and consistent with social
progress (Vo Hung et al., 2019). Or Climate Smart
Agriculture (CSA) aims to improve the resilience
of agricultural system to climate change to
contribute to food security stability, combined with
the needs of adaptation and mitigation of impacts
of CC and build a sustainable agriculture. CSA is
an intergrated approach to solve simultaneously
inter-field challenges of food security and CC.
CSA is recognized with 3 objectives at the same
time at the levels from farming to environment,
context, from local to global and from short to
long time, as well as focus on prioritizing the
specificities of the country. CSA combines three
pillars of sustainability: Increasing productivity
and income sustainably; Adapting and improving
resilience to climate change; Reducing and/or
eliminating greenhouse gas emissions whenever
possible (FAO, 2010).

Nguyen Van Thuong et al., (2001) confirmed
that the moisture in soil surface 0-30cm in the dry
season in the agroforestry models is always 2%-
3,5% higher than that of the net coffee gardens
(Table 4). Agroforestry systems based on coffee
keep soil moist longer, so they can save water for
irrigation

Table 4. Soil moisture of agroforestry system in the dry season

Soil moisture

Difference from net

Models (%db) coffee garden (%)
Before 1% batch After 1* batch 10 Before 1 After 1* batch 10
days batch days
Net coffee 28,5 31,2
coffee + durian 30,4 33,7 +1,9 +2,5
Net coffee - 31,1 -
Coffee + Black Cassia - 34,5 - +3.4
Net coffee 26,7 29,0
Coffee + cashew 28,2 31,0 +1,5 +2,0

Source: Nguyen Van Thuong et al., 2001.

In a study comparing net coffee plantations
to coffee garden with black cassia and acacia,
farmers in Krong Nang district said that planting
shade trees is necessary to have benefits such as
creating shade, adding branches and leaves to the
soil, irrigating less in the dry season, maintaining
stable yield especially in drought years without
irrigation. Up to now, farmers are very fond of
pepper, durian and macadamia. Intercropping is

also considered an effective farming method to
diversify income sources for farmers and limit
risks when coffee price is low. Although this form
of intercropping can simultaneously satisfy the two
goals of shade and economic products, but not all
coffee gardens can be applied easily. In fact, coffee
production in the district is not really sustainable,
so in the coming time it is necessary to encourage
farmers to increase shade trees or intercrop fruit
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trees or perennials in coffee gardens in order to
ensure coffee production in a sustainable way and
protect the environment (Pham The Trinh et al.,
2013).

Another assessment of the effects of
intercropping confirmed that coffee trees are
affected when growing near of under the canopy
of shading intercrops, except for the black cassia
used as a living pillar for pepper trees, which
have been thinned and determined to have no
effect on adjacent coffee trees (Table 5). The

intercropping that has the least effect on the
adjacent coffee trees is the black pepper trees
on the black cassia in the coffee intercropping
model. Most of the intercropping has an effect on
the water consumption of coffee trees. The coffee
garden models with shade trees and windbreaks
will limit water evaporation on the coffee garden.
Therefore, the water requirement for coffee trees
will less and less watering is required for coffee
trees during the dry season (Nguyen Xuan Hoa et
al., 2016).

Table 5. Intercrop effect on adjacent coffee trees and coffee water consumption (%)

Effect on adjacent coffee trees

Effect on coffee water consumption

No. Plant
Yes No Yes No
1 Coffee
2 Durian 85.71 14.29 91.67 8.33
3 Pepper 22.22 77.78 25.00 75.00
4 Avocado 66.67 33.33 85.71 14.29
5 Macadamia 42.86 57.14 100.00 0.00
6 Mangosteen 100.00 0.00 100.00 0.00
7 Black Cassia 0.00 100.00 100.00 0.00

Source: Nguyen Xuan Hoa et al., 2016.

Through testing by WASI, many new coffee
varieties with high yield, quality, adapting to
climate change and extreme weather have been
put into production such as late-ripening varieties
that are suitable for areas with difficult in water
resources ((TR14, TR15) or high rust resistance
(TRS1). In the intercropping solution, WASI has
proven that intercropping avocado, durian, pepper,
acacia, black cassia... increases the income per
orchard by 40-120% (depending on the type of
crop). Especially, intercropping increases water
use efficiency by nearly 18%; To produce 1 ton of
coffee in an intercropped garden requires only 500
m?® of water, compared to a net coffee garden that
requires 600m* (Trung Chuyen, 2017). Or another

study showed that in net coffee model with 533
liters of water/irrigation time, with 4 irrigation
times the coffee yield reached 3.9 tons of kernels/
ha (Table 6). The amount of water needed to
produce 1 ton of kernels in agroforestry models
intercropped with durian, pepper and avocado is
lower than that of net coffee, with only the type
of cashew intercropping, the amount of water
to produce 1 ton of coffee kernels is higher than
that of the net planting of 49 m3/ha. The amount
of water required for the production of 1 ton of
coffee kernels in the intercropping with pepper
is the lowest with 365 m3/ha nad the highest in
the cashew intercropping with 582 m*/ha (WASI,
2017).

Table 6. Water consumption to make 1 ton of coffee kernels (m3/ha)

Type of Water requirement to Irrigation water increase/decrease
intercropping make 1 ton of coffee kernels to make 1 ton of coffee kernels
Mono-coffee 533 -

Coffee + durian 462 =71
Coffee + pepper 365 -169
Coffee + avocado 384 -149
Coffee + cashew 582 49

Source: WASI, 2017.

In 2019, IUCN conducted a rapid assessment
of the costs and benefits of switching from coffee
monoculture to a coffee agroforestry model with
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higher value, more divesity and less water use.
The study was conducted in Dak Lak province
(wher one-third of Viet Nam’s coffee production)
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and proposed to convert about 200,000 ha of
coffee monoculture into a coffee intercropping,
pepper, durian and avocado that have the ability
of drought tolerance and the yield of 2.5 times the
value of the crop, maintain coffee production and
save about 150 million m* of water per year by
reducing irrigation. IUCN has compiled WASI
studies and summarized water requirements for
intercropping in suitable areas and in unsuitable
areas due to water scarcity (Figure 3). The data in
Table 7 show that the coffe model intercropped with
pepper, avocado and durian has saved significant
irrigation water, compared to the monoculture

model. Specifically, in Dak Lak province, coffee
monoculture under irrigation conditions currently
consumes about 405 million m* of water per year.
If using economical irrigation for mono-coffee, it
will reduce about 105 million m* of water (-26%).
In the agroforestry model scenario, water use
decreases gradually until the year 19 as coffee is
gradually remove from water scarce lan units. In
this case, 149 million m? of water is saved by the
year 19, compared to the baseline scenario (-37%).
It can be affirmed that the environmental benefits
of agroforestry coffee model are water saving and
climate change mitigation (D’haeze, 2019).

Land Suitability Coffee
I suitable
I not suitable (water)
B ot suitable (sail)
not suitable (soil & water)
1 provincial boundary
25 watershed boundary

Figure 4.1 Land suitability for coffee production

Source: D haeze, 2019.

Figure 3. Suitable partition of land for coffee trees map

Table 7. Water requirements of intercropping crops

Model Amount (tree/ha) Irrigation requirement (m*/ha/year)

- Net coffee

- hose 1,110 2,043

- saving water 1,110 1,515
- Coffee (intercrop) in suitable land

- Coffee 887 1,211

- Pepper 336 134

- Avocado 28 34

- Durian 28 21
- Intercrop (no coffee) in unsuitable land, water scarcity

- Pepper 1,362 545

- Avocado 35 42

- Durian 35 26

Source: D’haeze, 2019.
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Nguyen Van Thuong (2020) evaluated the
impact of intercroping of woody plants in coffee
gardens in Krong Bong, Lak, Krong Pak, Cu Kuin
districts. The results show that there 3 effects of
woody plants in coffee gardens that are highly
appreciated by agricultural managers in 4 districts:
Improving household income, increasing land area

prevented from degradation and increasing cover
density on coffee garden (Table 8). The remaining
effects are disagreed. However, district officials
form Krong Bong and Cu Kuin both highly
appreciate the role of woody plants in the field of
environmental protection (impacts 5-9).

Table 8. Evaluation of the impacts of woody plants in coffee gardens

Level
No. Impact Krong Lak Krong Cu Aver-
Bong Pak Kuin  age
1 Increasing local competitiveness thanks to stable 4 4 ) ) 3,00
product supply
2 Improving household income 1 1 1 2 1,25
3 Increasing the number of smallholders with/without 4 4 | 4 3,25
land
4 Attracting more workers 3 3 1 4 2,75
5 Increasing the number of hectares of restored land 3 4 1 1 2,25
and/or reforested land
6 Reducmg water .pollutlon levels in major water 4 4 1 | 2,50
sources in the region
Increasing or stabilizing the amount of water in
7 . . 2 3 1 1 1,75
groundwater in surface water in the area
g Ipcreasmg the area of land prevented from degradaa- ) ) 1 | 1,50
tion
9 Increasing the cover density on the coffee gardens 1 1 1 1 1,00

Note: Impact level: (1) High, (2) Medium, (3) Low, (4) Unclear

Source: Nguyen Van Thuong, 2020.

Figure 4. Acacia shade model
Source: Nguyen Van Thuong, 2020

In fact the activities of planting woody plants in
coffee gardens in Dak Lak province are practices
of farmers that have existed for a long time and
are quite diverse in types (Figure 4 and 5). The
models of coffee intercropping with pepper/wood
trees and with durian bring much higher economic
efficiency than that with cashew trees and black
cassia to block the wind. The woody plants in
the coffee gardens have ecological support for
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Figure 5. Black cassia shade model

coffee trees in the hot dry season: reducing wind
speed; reducing radiation intensity to coffee trees;
reducing garden temperature and helping garden
soil keep moisture better. Legumes such as acacia
and black cassia planted as perennial shade trees
for coffee help soil fertility improve and reduce
watering needs in the dry season, so reducing
investment costs (Nguyen Van Thuong, 2020).
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Recently [UCN has updated data (in 2022) on
drought in Ddak Lak province and recalculated
the water requirements of the monoculture coffee
model and the agroforestry model. The results
show that coffee monoculture under over-irrigated
conditions consumes about 1.12 billion m? of water
per year. If irrigation management is optimized for
coffee monoculture, about 290 million m? of water
will be saved (-26%). In the intercropping scenario,
the water requirement decreases gradually until
the 19" year as coffee trees are gradually removed
from the water-scarce land units. In this case, 407
million m? of water will be saved by the 19" year
compared to monoculture (-36%). Thus, once
again, IUCN affirms that converting monoculture
coffee production to a diversified crop production
model increases the ability to save water
significantly (D’haeze, 2022).

2.4. Some solutions for sustainable coffee
cultivation under the CC context in Dak Lak
province

On the basis of an overview of studies with
theoretical and practical backgrounds combined
with consultation with experts in the filed of
coffee production, a number of solutions are
synthesized and proposed based on the researches
of World Bank (2004), WASI (2017), Nguyen
Thi Ngoc Quyen et al., (2020), D’haeze (2019;
2022), Vo Hung et al., (2019), Nguyen Van
Thuong (2020) and orientations of agencies and
departments such as the Ministry of Agriculture
and Rural Development, the Dak Lak People’s
Committee, the Department of Agriculture and
Rural Development, the Dak Lak Sub-Department
of Cultivation and Food Protection... The
development and expansion of agroforestry coffee
model requires a long-term roadmap and close
coordination of stakeholders.

According to agricultural experts, in the near
future, CC may not be able to “eliminate” coffee
trees in the Central Highlands, but it makes
production costs increase and profit decrease, so
coffee may no longer prevail over other crops. A
number of solutions have been responded to CC
and continue to hold this position of the strategic
crop.

- To live with CC, coffee trees need supporting
by a series of synchronous solutions in terms
of planning, new variety application, water-
saving irrigation, intercropping, integrated pest
management. ..

- In the current context of CC, it is possible to
produce more coffee with less water when applying
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low-cost drip irrigation or sprinkler systems. In
large coffee-growing regions in Dak Lak, it is
possible to supplement artificial groundwater
through a system of filter tanks (containing sand
and small stones) and wells. This system collects
water from natural flows, leads to a filter tank
before putting it into farmers’ wells to replenish
groundwater, helping people overcome water
shortages and make use of excess water flowing
in nature...

- Compared with the traditional hose irrigation
in the basic construction period and the business
period, the amount of water uesed/ha of the
economical irrigation method is much less than
that of the traditional method and the T-test shows
that this difference has a 99% confidence.

If calculated for the whole region, the amount
of irrigation water saved thanks to the new
technology will be huge. Drip and sprinkler
irrigation technologies not only help households
save water but also help them use other resources
more efficiently, especially labor.

Besides the economic benefits, economical
watering contributes to environmental protection
and production stability: (i) Using water resources
more rationally and economically. Especially
in the context of increasingly severe climate
change and droughts; (ii) Better conserving water
resources through rational and economical water
use, having more opportunities to use water for
more people. The sharing of water resources
for community members is more effective and
practical. This is the core solution contributing
to a positive and effective response to climate
change. (iii) Saving water for coffee also reduces
competition for irrigation water between coffee
and other crops that need irrigating in the same
area. As a result, it is not necessary to reduce the
area for irrigated coffee trees, but still ensure the
irrigation area for other crops, contributing to
the diversification of product lines, stability and
production development.

However, the reality shows that, although
economical irrigation technology has many
advantages, the number of households and the
scale of coffee production area applying them
in the Central Highlands is still very small.
According to the Agricultural Extension Center
of Dak Lak province, the coffee growing area
applying advanced technology and water — saving
irrigation in the whole province has only reached
about 400ha (accounting for 0.2% of the total of
coffee area). Most of the coffee areas irrigated
with advanced technology are demonstration
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models implemented by agricultural extension
projects and programs or sponsored of businesses
trading in irrigation equipment. The main reason
is that the majority of people do not understand
the effectiveness of water — saving irrigation
technology, so they have not invested in the initial
investment cost for the high irrigation system, the
small size of the coffee garden, and the incomplete
infrastructure such as traffic, electricity and water
sources. Therefore, it is necessary to have a long-
term strategy to be able to comprehensively change
the traditional irrigation method with modern
water-saving methods.

In term of theory and practice, agroforestry
coffee systems have proven to be economically
and environmental sustainability, adapt to climate
change due to biological interactions between
plants and animals in the system, as well as the
variety of products produced by the system per
unit of properly used land (Nguyen Van Thuong
et al., 2001). According to some studies, in the
Central Highlands in general and in the Srepok
basin in particular, over the past few years, people
planted and developed a lot of land use systems
as agroforestry coffee model which gives much
higher economic efficiency than other monoculture
farming. Production as agroforestry coffee has also
contributed to improve soil moisture and fertility
as well as limited the harshness cuased by lack of
water for irrigation in the dry season (Nguyen Van
Thuong et al., 2001; Pham Cong Tri et al., 2017).

It can be seen that, to live with CC, coffee plants
need to be supported with a series of synchronous
solutions in terms of planning growing areas,
applying new drought-resistant varieties, applying
economic irrigation water measures, intercropping
of woody plants, and integrated pest management.

3. CONCLUSION

In Dak Lak province, coffee trees are planted
throughout 15 districts and cities with a total area
of 212,912 hectares, of which the largest coffee
cultivation area is Cu M’gar district with 38,457
hectares, followed by Ea H’leo district (31,907ha),
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Krong Nang (24,886ha), Krong Buk (20,798ha),
Krong Pak (19,840ha). Due to the CC, the climate
of Dak Lak province has changed erratically.
Specially, heat waves prolonged more frequently
than the past. Following the climate change
scenarios in Dak Lak province, the temperature
trends to increase 0.8-0.9°C and the rainfall had
the same trend with 5.3% - 6.5% in 2035. Under
the impact of CC, the phenomenon of drought
in Dak Lak province is gradually becoming
more frequent with major impacts on the coffee
production industry, specifically the problem of
irrigation water. Studies that take into account
climate change factors show that water demand
for coffee plants tends to increase in scenarios
RCP 4.5 and RCP 8.5. At this time, agroforestry
coffee farming is a promising guide along with
traditional farming methods, agroforestry farming
has outstanding advantages because it provides
product diversification, ensures livelihoods,
improves production efficiency, is consistent
with people’s farming practices, and maintains
the sustainability of the ecosystem. Production
practices in many localities in recent years have
proven that agroforestry coffee has been effective
in all three aspects of the economy, society, and
environment. It must be admitted that no model
is suitable for all study areas with differences in
natural characteristics (soil type, terrain, climate...)
and socio-economic conditions (income, capital,
farming practices, knowledge and experience...).
However, to be able to develop and replicate
the agroforestry coffee model requires a long-
term roadmap as well as close coordination
of relevant parties and the simultaneous and
flexible combination of Policy solutions and State
support; planning solutions; agricultural extension
solutions, application and transfer of science and
technology; strengthen experimental research;
technical solutions; capital solutions.

Acknowledgements: The paper was supported
by the grant from TROPENBOS Viet Nam.



Tap 18 » S6 2-2024, Tap chi Khoa hoc Tay Nguyén

TONG QUAN HIEN TRANG SAN XUAT CAY CA PHE TRONG BOI CANH BIEN
POI KHi HAU TREN DPIA BAN TINH PAK LAK
Nguyén Thi Ngoc Quyén', Vii Hai Nam', Pham Vin Thing?
Ngay nhan bai: 17/02/2024; Ngay phan bi¢n thong qua: 14/04/2024; Ngay duyét dang: 18/04/2024

TOM TAT

Nhiéu nghlen cu’u da chi ra rang, ca phé duogc trong thanh nhu’ng khu vuc 16n da anh huong dén moi
trudng nhu: két cau cua rimg tir da tang giam con 1-2 tang, ngudn nudc can kiét, kha nang phong ho kem,
mirc d6 x6i mon dét 16n... Thue té, canh tac doc canh cay ca phé trén dién rong da 1am suy giam ngudn nudce
cho sinh hoat va san xuat & viing Tay Nguyén néi chung va trén dia ban tinh Dk Lik noi riéng. Thém vio
dé la tac dong cua bién ddi khi hau dén san xuét ca phé ngay cang r6 rang hon véi viéc lam gia tang chi phi,
tang nhu cau su dung nuorc va giam ning suit. Luc nay, viée 4p dung md hinh san xuét ca phé nong 1am ket
hop la loai hinh san xuit duoc xem c6 nhitng uu diém vuot troi, tao do tan che hop 1y cho ca phé, gitr 46 am
dat tt hon, giam luong nude tudi; gia tang thu nhap va viéc lam cho néng dén; han ché duoc cac nguy co
suy thodi tai nguyén dat, tai nguyén nudc ciing nhu? tang kha nang thich tmg va chdng chiu v6i bién doi kh1
hau. Tuy nhién, hiéu qua ctia mé hinh s& ting cao néu dugc két hop vai cac hoat dong phuc hdi rimg va trong
xen cac loai cdy than gd vao  trong dién tich dang trong ca phé. Piéu nay chi c6 thé dat duoc khi thuc hién
mot loat glal phap dong bo vé chinh sach va sy hd trg ctia nha nudc trong dau tur phat trién két cau ha tang va
co s& vat chat cho san xudt, k¥ thuat, ap dung khoa hoc cong nghé hién dai, von, quan 1y dich hai tong hop.

Tir khéa: San xudt ca phé, bién doi khi hdau, tinh Dk Lik.

REFERENCES

Bach Hong Viet (2017). Impacts of climate change on sustainable agricultural development in the
Central Highlands. Tap chi Khoa hoc xa hoi Viét Nam, so6 4 (113), 25-33.

Center for Policy and Technology on Disaster Prevention (2021). http://dmc.gov.vn/bai-viet/dak-lak-
bien-doi-khi-hau---moi-hiem-hoa-cua-nganh-nong-nghiep-cd4238-32.html?lang=vi-VN

Coffee & Climate, (2015). Adapting to climate change in coffee publishing. www.coffeeandclimate.org.

Dao Nguyen Khoi, Nguyen Thi Hong Nhung, Truong Thanh Canh (2014). Application of detailed
statistical tool LAR-WG to develop climate change scenarios for Srepok river basin. Journal of
Science and Technology Development, 17(12), 109-123.

Dao Nguyen Khoi, Pham Thi Thao Nhi, Chau Nguyen Xuan Quang (2015). Developing climate change
scenario for Srepok river basin using SDSM tool. Hydrometeorological Journal, 651, 24-31.

Dak Lak Provincial People’s Committee (2017). Sustainable coffee development project in Dak Lak
province to 2020 and orientation to 2030.

Dak Lak Provincial People’s Committee (2021). Summary of Coffee Year 2020 - 2021 and Coffee Year
Plan 2021 - 2022. Report No. 327/BC-UBND, December 9, 2021.

Dak Lak Provincial People’s Committee (2022). Support the development of the horticulture industry
(converting unsuitable coffee trees to concentrated fruit trees) in association with restructuring the
agricultural sector in the period of 2021-2025 in Dak Lak province. Policy impact assessment report,
December 9, 2021.

Department of Statistics of Dak Lak Province (2021). Dak Lak Statistical Yearbook 2021, Statistical
Publishing House.

Department of Natural Resources and Environment of Dak Lak Province (2016). Report on the State of
the Environment in Dak Lak Province for the period 2011-2015.

Department of Natural Resources and Environment of Dak Lak Province (2021). Report on the State of
the Environment in Dak Lak Province for the period 2016-2020.

D’haeze (2019). Transforming coffee and water use in the Central Highlands of Vietnam: case study

'Khoa Néng Lam nghiép, Trieong Dai hoc Tdy Nguyén;
Trwong Trung cap Pk Lik;
Tac gia lién hé: Nguyéen Thi Ngoc Quyén; DT: 0963003316, Email: ntnquyen@ttn.edu.vn.

30



Tap 18 » S6 2-2024, Tap chi Khoa hoc Tay Nguyén

from Dak Lak Province, International Uinion for Conservation of nature (IUCN).

D’haeze (2022). Optimizing water use in the Central Highlands of Viet Nam, International Uinion for
Conservation of nature (IUCN).

Do Van Chung (2019). Building a model of agroforestry with high efficiency, creating sustainable
livelihoods for ethnic minorities in Dak Lak and Kon Tum. Central Highlands Agro-Forestry Science
and Technology Institute.

Doan Trieu Nhan (2011). Climate change and Vietnam's coffee industry, Vietnam Coffee Newsletter,
Information Center for Agriculture and Rural Development.

Duyen Nhat Lam Tran, Tien Dinh Nguyen, Thuy Thu Pham, Roberto F. Rafiola, Jr. and An Thinh Nguyen
(2021). Improving Irrigation Water Use Efficiency of Robusta Coffee (Coffea canephora) Production
in Lam Dong Province, Vietnam, Sustainability, Vol. 13, No. 12, 6603.

FAO (2010). Climate-smart agriculture: Policies, practices and financing for food security, adaptation
and mitigation. Rome: FAO. http://www.fao.org/fileadmin/user upload/newsroom/docs/the-
hagueconference-fao-paper.pdf

Pham Cong Tri et al (2017). Evaluation of the effectiveness of agro-forestry production on coffee in
the Central Highlands, Proceedings of the conference on coffee production by agroforestry method,
WASI-TROPENBOS.

Pham The Trinh, Phan Xuan Linh, Dao Chau Thu, Tran Minh Tien (2013). Current status of farming
and coffee production efficiency on basalt red soil, Krong Nang district, Dak Lak province. Journal
of Science and Development 2013, volume 11, issue 5: 713-721.

Le Huy Ba (2013). Land resources in the Central Highlands are increasingly seriously degraded. https://
tnmt.daklak.gov.vn/tai-nguyen-dat-o-tay-nguyen-ngay-cang-bi-thoai-hoa-nghiem-trong-441.html.

Le Thua Hoai Son, Hoang Hai Long, Trinh Thi Huong (2018). Results of determining the amount of
water used by Robusta coffee trees in the Central Highlands, Central Highlands Agro-Forestry
Science Institute.

Ministry of Natural Resources and Environment (2020). Climate change and sea level rise scenarios for
Vietnam. Publishing House of Environmental Resources and Maps of Vietnam, Hanoi, 253 pages.

National Agricultural Extension Center (2018). Sustainable coffee production techniques and re-
cultivation of Voi coffee. Trainer Training Kit (TOT) on Ben Dat Coffee Production.

Nguyen Thi Ngoc Quyen, Phan Thi Tram Anh, Dao Nguyen Khoi, Le Van Hung, Nguyen Quoc Hoi,
Nguyen Kim Loi, Bui Ta Long (2016). Developing climate change scenarios in the Srepok basin in
the Central Highlands using SDSM (Statistical DownScaling model), Journal of Hydrometeorology,
ISSN 2525-2208, No. 669, p.6-14.

Nguyen Thi Ngoc Quyen (2019). Forecast of water demand for different land uses in the Srepok river basin
in the context of climate change, Vietnam Journal of Agricultural Science 2019, 17(2): 126-136.

Nguyen Thi Ngoc Quyen, Nguyen Thi Tinh Au, Dang Thi Thuy Kieu, Ho Dinh Bao, Trieu Thi Lang,
Nguyen Kim Loi (2020). Research on assessing the effects of climate change on water and land
resources in the Srepok river basin, ISBN: 978-604-65-4963-5, Labor and Social Publishing House.

Nguyen Thi Ngoc Quyen, Nguyen Thi Tinh Au, Lam Thi Nghiem (2022). Impact of climate change
on water demand of coffee plants in Krong Pac district, Dak Lak province, Proceedings of the 5Sth
National Scientific Conference on Earth, Mining, Environmental Sustainability, 46-57,D0i1:10.15625/
vap.2022.0159.

Nguyen Thi Ngoc Quyen, Lam Thi Nghiem, Nguyen Thi Tinh Au (2023). Using the CROPWAT model
for predicting water use demand of some main crops in Ea H’leo district, Dak Lak province under
the context of climate change, Journal of Climate change science, ISSN 2525-2496, No.28, p.19-35.

Nguyen Phuong Le and Nguyen Hai Duong (2020). Evaluation of economic efficiency of coffee production
applying economical irrigation technology in the Central Highlands: a case study in Cu M’gar district,
Dak Lak province. Vietnam Journal of Agricultural Science 2020, 18(6): 454-462.

Nguyen Xuan Hoa, Nguyen Van Phuong, Dang Dinh Duc Phong (2016). Evaluation of agroforestry
systems on coffee gardens in Dak Lak and Lam Dong, Central Highlands Agro-Forestry Science and
Technology Institute.

31



Tap 18 » S6 2-2024, Tap chi Khoa hoc Tay Nguyén

Nguyen Van Thuong, Phan Viet Ha, Trinh Xuan Hong and Huynh Thi Thanh Thuy (2001): Agroforestry
methods in Dak Lak: Economic efficiency and some environmental impacts, Western Institute of
Agroforestry Original.

Nguyen Van Thuong (2020). Overview of the current status of smart coffee production, integrated with
forest restoration activities (planting woody trees). Tropical Forestry Research Center - TROPENBOS
Vietnam.

Tran Danh Suu, Nguyen Thi Thanh Mai, Truong Hong, Pham Thi Xuan (2017). Coffee replanting
techniques. Vietnam Institute of Agricultural Sciences, National Agricultural Extension Center.

Tran Van Ty, Kengo Sunada’ and Yutaka Ichikawa (2012a). Water resources management under future
development and climate change impacts in the Upper Srepok River Basin, Central Highlands of
Vietnam. Water policy, 14, 725-745.

Tran Van Ty, Kengo Sunada’ and Yutaka Ichikawa, Satoru Oishi (2012b). Scenario-based Impact
Assessment of Land Use/Cover and Climate Changes on Water Resources and Demand: A Case
Study in the Srepok River Basin, Vietnam-Cambodia. Water Resour Manage, 26, 1387-1407.

Trung Chuyen (2017). Coffee is in trouble because of climate change. https://thanhnien.vn/tai-chinhkinh-
doanh/ca-phe-khon-kho-vi-bien-doi-khi-hau-823477.html.

Truong Hong (2013). Integrated Crop Management (ICM) for coffee-a solution to reduce input costs,
increase economic efficiency and contribute to sustainable coffee production, The Coffee Industry
Prospects Conference, Dak Lak.

Truong Hong and Pham Cong Tri (2018). Water saving - Solution to improve economic and environmental
efficiency in sustainable coffee production in the Central Highlands. http://wasi.org.vn/tuoi-
nuoctiet-kiem-giai-phap-nang-cao-hieu-qua-kinh-te-moi-truong-trong-san-xuat-ca-phe-ben-vung-o-
taynguyen

Vo Hung, Nguyen Cong Tai Anh, Pham Doan Phu Quoc, Ho Dinh Bao, Ngo The Son (2019). Evaluation
of agroforestry models, Agriculture adapting to climate change and recommendations for practice in
the Srepok river basin, Central Highlands, Tropical Forestry Research Center Viet Nam.

WASI (2017). The survey results determine the model of intercropping of trees in the coffee garden in a
sustainable way, the Project on Sustainable Agricultural Transformation in Vietnam (VnSAT).

World Bank (2004). Coffee research. Report No. 29358-VN.

32



